The magnetopolaronic generalization of a Majorana-resonant-level (-MRL) model is considered for a single-level vibrating quantum dot symmetrically coupled to two half-infinite g = 1/2-TomonagaLuttinger liquid (-TLL) leads at the Toulouse point. At the resonance by gate voltage the exact solution for the effective transmission coefficient is obtained in the whole range of magnetopolaronic coupling constant values. The obtained exact solution exists due to special Majorana-like symmetry of tunnel Hamiltonian and gives rise to nontrivial interference between different virtual vibronic channels of resonant tunneling with different fixed Aharonov-Bohm phases. This fact leads to a novel topologically nontrivial type of resonant Andreev-like magnetopolaronic tunneling in the system. As the result, in the zero-temperature limit, it is impossible to compensate the magnetopolaronic blockade in magnetopolaronic MRL-model by means of bias voltage, if vibron energy is the smallest (but nonzero) energy parameter in the system. PACS numbers: 73.63. Kv, 72.10.Pm, 85.85.+j Resonant tunneling in strongly interacting electron systems, particularly, in different types of molecular single-electron transistors (SET) still remains an attractive point in quantum mesoscopics [1-4, 8-10, 12, 14, 16, 18, 20]. The molecular transistor in question is modelled as the single-level quantum dot (QD) vibrating along the 0y -axis in the transverse constant magnetic field [5, 6] . Quantum dot is weakly coupled to two one-dimensional leads (quantum wires or carbon nanotubes) by means of two tunnel barriers [18] . The halfinfinite one-dimensional leads imply electron-electron interaction, which is described by Tomonaga-Luttinger liquid (-TLL) model with conventional TLL correlation parameter g = (1 + U T LL /πv F ) −1/2 , (0 < g < 1) defined by the "bare" constant U T LL of electron-electron interaction in TLL leads [7, 17] . For the most general situation of arbitrary g and arbitrary magnetopolaronic coupling in quantum dot, it is impossible to solve the electron transport problem exactly [7] . In the most simple case of noninteracting (Fermi-liquid or FL-) leads (when g = 1) both polaronic and magnetopolaronic SET models behave very similarly and it is difficult even to distinguish between them [5, 6] . From the other hand, as it was shown earlier for the special value: g = 1/2 of TLL correlation parameter, in the absence of any quantum vibrations of QD, the problem of resonant electron tunneling is exactly solvable even in the case of asymmetric tunnel coupling [14, 18] . In that model, in the case of symmetric tunnel couplings, the Majorana-like symmetry emerges in the tunneling Hamiltonian and this is known as the TLL-realization of the Majorana-resonant-level model (MRLM) or simply as the spinless Tomonaga-Luttinger liquid resonantlevel (TLLRL-) model [17] . Recently, it was shown by the author for the polaronic generalization of TLLRLmodel (see [16] ), that in the case of strong electromechanical coupling a novel type of Andreev-like resonant polaron-assisted tunneling is realized in the system. The latter polaronic g = 1/2-TLLRL model strongly differs from the case of SET with noninteracting (FL-) leads [12, 16] . Thus, one may ask if the magnetopolaronic TLLRL-model differs from polaronic one or, as it takes place in noninteracting case, these models are qualitatively similar? -Below the unexpected answer on this question will be given.
The magnetopolaronic generalization of a Majorana-resonant-level (-MRL) model is considered for a single-level vibrating quantum dot symmetrically coupled to two half-infinite g = 1/2-TomonagaLuttinger liquid (-TLL) leads at the Toulouse point. At the resonance by gate voltage the exact solution for the effective transmission coefficient is obtained in the whole range of magnetopolaronic coupling constant values. The obtained exact solution exists due to special Majorana-like symmetry of tunnel Hamiltonian and gives rise to nontrivial interference between different virtual vibronic channels of resonant tunneling with different fixed Aharonov-Bohm phases. This fact leads to a novel topologically nontrivial type of resonant Andreev-like magnetopolaronic tunneling in the system. As the result, in the zero-temperature limit, it is impossible to compensate the magnetopolaronic blockade in magnetopolaronic MRL-model by means of bias voltage, if vibron energy is the smallest (but nonzero) energy parameter in the system. Resonant tunneling in strongly interacting electron systems, particularly, in different types of molecular single-electron transistors (SET) still remains an attractive point in quantum mesoscopics [1-4, 8-10, 12, 14, 16, 18, 20] . The molecular transistor in question is modelled as the single-level quantum dot (QD) vibrating along the 0y -axis in the transverse constant magnetic field [5, 6] . Quantum dot is weakly coupled to two one-dimensional leads (quantum wires or carbon nanotubes) by means of two tunnel barriers [18] . The halfinfinite one-dimensional leads imply electron-electron interaction, which is described by Tomonaga-Luttinger liquid (-TLL) model with conventional TLL correlation parameter g = (1 + U T LL /πv F ) −1/2 , (0 < g < 1) defined by the "bare" constant U T LL of electron-electron interaction in TLL leads [7, 17] . For the most general situation of arbitrary g and arbitrary magnetopolaronic coupling in quantum dot, it is impossible to solve the electron transport problem exactly [7] . In the most simple case of noninteracting (Fermi-liquid or FL-) leads (when g = 1) both polaronic and magnetopolaronic SET models behave very similarly and it is difficult even to distinguish between them [5, 6] . From the other hand, as it was shown earlier for the special value: g = 1/2 of TLL correlation parameter, in the absence of any quantum vibrations of QD, the problem of resonant electron tunneling is exactly solvable even in the case of asymmetric tunnel coupling [14, 18] . In that model, in the case of symmetric tunnel couplings, the Majorana-like symmetry emerges in the tunneling Hamiltonian and this is known as the TLL-realization of the Majorana-resonant-level model (MRLM) or simply as the spinless Tomonaga-Luttinger liquid resonantlevel (TLLRL-) model [17] . Recently, it was shown by the author for the polaronic generalization of TLLRLmodel (see [16] ), that in the case of strong electromechanical coupling a novel type of Andreev-like resonant polaron-assisted tunneling is realized in the system. The latter polaronic g = 1/2-TLLRL model strongly differs from the case of SET with noninteracting (FL-) leads [12, 16] . Thus, one may ask if the magnetopolaronic TLLRL-model differs from polaronic one or, as it takes place in noninteracting case, these models are qualitatively similar? -Below the unexpected answer on this question will be given.
In this letter, it is shown for the first time for SET model with arbitrary magnetopolaronic coupling, that in the case of symmetric tunnel couplings between vibrating quantum dot and g = 1/2-TLL leads, at the Toulouse point in Coulomb interaction strength (between TLLleads and quantum dot) i.e. in the MRLM case [17, 18] -the model become exactly solvable with respect to average current at the resonance by gate voltage. As the result, the exact formula for transmission coefficient of strongly correlated electrons is derived for magnetopolaronic MRL-model.
It is reasonable to start from the Hamiltonian of magnetopolaronic g = 1/2-TLLRL model already in its refermionized form (one can see corresponding unitary transformations in Refs. [16, 18] ):
Here the first term describes the quadratic Hamiltonian of half-infinite one-dimensional g = 1/2-TLL leads:
(Here and below we put v g = v F /g = 1 with "bare" Fermi velocity v F .) The transformed bosonic phase fields: Φ ± (x) are connected with "initial" bosonic phase fields Φ j (x) (j = L, R) of chiral (left-or right-moving) plasmonic charge density excitations in the j-th lead (j = L, R) by relation:
[18] for details). At points x = ±∞ the 1D half-infinite LL leads are coupled to two reservoirs of noninteracting electrons. The difference between chemical potentials of these reservoirs is proportional to bias voltage V being applied to the leads at points x = ±∞. Second term in Eq. (1) [18, 20] ). In the latter equality:d + (d) -are the standard fermionic creation (-annihilation) operators on resonant level of QD; ∆ = ∆(V g ) -is the resonant level energy, driven by V g -gate voltage being applied to QD electrostatically [19] . In the case of MRL-coupling one should put: ∆(V g ) = 0. One can always satisfy the latter "resonance" condition since V g is an independent parameter in the model. Thus, in the magnetopolaronic MRLM case of interest one can write down
i.e. the transformed Hamiltonian of fermionic resonant level of QD in the magnetopolaronic MRLM case contains only vibronic degrees of freedom. In Eq. (2) ω 0 is the energy of vibrational quantum andp y ,ŷ are the dimensionless bosonic operators of the momentum and center-of-mass coordinate of QD in y-direction. Then transformed tunnel Hamiltonian (the third term in Eq.(1)) takes the form:
where γ L(R) are the tunneling amplitudes for the leftand right TLL lead correspondingly. (In our notations: γ 2 L + γ 2 R = Γ 0 -the "bare" width of the fermionic level of QD in standard wide-band-limit (-WBL) approximation [18] .) OperatorsΨ ± (x) = exp(iΦ ± (x)/ √ g)/ √ 2πa 0 stand for new fermions (being spatially nonlocal in xdirection) and fulfill standard fermionic anticommutation relations [18] . The novel element in Eq.(3), as compared with conventional exactly solvable g = 1/2-TLLRL model of Ref. [18] without quantum vibrations, is the "magnetopolaronic" renormalization [5] of tunneling amplitudes by bosonic operators:
-which describe the influence of fluctuating AharonovBohm phase, acquired by the electron in the process of resonant tunneling [5] . In Eq.(
-is the dimensionless magnetopolaronic coupling constant, where: y 0 = /M ω 0 -is the amplitude of zero-point oscillations of the QD center-of-mass coordinate in the y -direction (M -is the mass of quantum dot); D 0 -is the characteristic distance between two TLL leads (i.e. the characteristic size of QD region in the x-direction); H -is the absolute value of constant external transverse magnetic field, which is nonzero only in the region of the length D 0 between two TLL electrodes. Obviously, bosonic operators in Eq.(4) have following symmetry:X
-this symmetry, as it will be clear below, fixes definite values of relative Aharonov-Bohm phase of tunneling electron in each vibronic channel. Further, as it was mentioned in Ref. [18] , since the "charge"-density Φ + (x) -channel is decoupled at the Toulouse point, one can rewrite the current operator by means of only the "current"-density channel Φ − (x)
where G 0 = e 2 /h-is the conductance quantum. Now to solve the model of Eqs.(1-6) a well-known quantum equation of motion (QEM) method could be used. The Heisenberg equations for fermionic operators take the form (at ∆ = 0)
where, following Refs. [18, 20] we definedΨ − (0) = (Ψ − (0 − ) +Ψ − (0 + ))/2, and δ(x) is the delta function. Integrating Eq.(8) in the small vicinity of the point x = 0, one obtains
In the absence of magnetopolaronic coupling (X + L(R) = X L(R) = 1), Eqs.(7-9) are reduced to Eqs.(6) from Ref. [18] .
Integrating formally Eq.(7)(similarly to Ref. [16] ) and substituting the obtained solution into Eq.(9) one can derive following basic integral operator equation in the form of the operator-valued boundary condition at physical point x = 0:
Now, central operator equation (10) 
(11) HereÎ(0) denotes the "MRL-current" operator at physical point x = 0, i.e. at the boundary with quantum dot. One can check out, using Eq.(9) and canonical anticommutation relations for fermionic operators, that:
Thus, in the magnetopolaronic MRLM case, the "quantum Lorentz force" operator does not depend on time, i.e. it does not fluctuate. Of course, the latter statement is not the case forÎ(∞) which represents "true" current operator in given realization of MRL-model [21] . Since in symmetric case the right-hand side of Eq. (11) represents a constant operator, it could be excluded from Eq.(11) by the coordinate shift, which does not affect the resulting formulas. As the result, at γ L = γ R , Eq.(11) has a "free" solution of the form:ŷ(t) = This solution means that, in symmetric MRLM case, all averages with total transformed Hamiltonian (1) are factorized exactly on fermionic and bosonic parts. Thus, one can replace all the products of nonlinear bosonic operatorsX
the basic operator equation (10) by corresponding averages with quadratic Hamiltonian of a decoupled quantum harmonic oscillator (2) . Following the method of Refs. [16, 18] , which turns out to be exact in our case of magnetopolaronic MRL-model at resonance by gate voltage (at ∆ = 0), one can rewrite the decomposition forΨ − (x, t) fermionic operators from Ref. [18] :
(where:â + k (â k ) are the standard fermionic creation (annihilation) operators. (Note, thatb k = t(k)â k , where t(k) is the transmission amplitude.) After that, similarly to Refs. [16, 18] , using Eqs. (6), (12) (13) one can write down the Landauer-type transport formula for average current in the magnetopolaronic MRL-model: (14) where R φ0 (ε) = 1 − |t(ε)| 2 is the energy-dependent coefficient of "Andreev-like" reflection ofΨ − -fermions, which determines the transmission coefficient for physical electrons and n F (ε) = (e βε + 1) −1 is the Fermi-Dirac distribution function (β −1 = T is the temperature). Starting from here, it is reasonable to put everywhere: [22] . Then, solving the basic operator equation (10) together with its hermitian-conjugated equation and with Eq.(13), one can derive following exact formula for the transmission coefficient of our magnetopolaronic MRL-model for arbitrary value of magnetopolaronic coupling constant φ:
withΓ
Here [14, 18] . In the case where: Γ 0 ≪ ω 0 ≪ T (i.e. in the limiting case of "sequential" electron tunneling [16] ), when: φ 2 ≪ 1, from formulas (15-17) one obtains, that the height of the l-th satellite peak of low-temperature differential conductance (at eV = ω 0 |l|) is proportional to (φ 2 ) |l| , in according with standard predictions of perturbation theory in φ 2 . Further, the most general realization of limiting case: Γ 0 ≪ ω 0 (and ω 0 ≫ T ), for strong magnetopolaronic coupling ( φ 2 ≥ 1) -is depicted on Fig.1,a (blue solid line) , in comparison with corresponding polaronic MRLM case at electromechanical coupling of the same strength (red dotted line). One can see from this figure, that difference between polaronic and magnetopolaronic MRL-models is due to interference between different virtual channels of resonant tunneling in the magnetopolaronic MRLM case. This interference could be either constructive or destructive, depending on the energy of the incoming quasiparticle. Since such interference is absent in the "convinient" magnetopolaronic FLL-model of Ref. [5] , it is believed to be specific only for MRL-type of magnetopolaronic coupling. Other important limit (at zero temperature): Γ 0 ≫ ω 0 → 0 (T < ω 0 ) of general formulas (15-17) turns out to be even more interesting. In this case all virtual vibronic channels give contribution to infinite sums of Eqs.(16), (17) . As the result, in the limit ω 0 → 0 one can easily calculate sums (16) , (17) and write down following explicit formula for the transmission coefficient: 2 )) at nonzero energy value (which is approximately equal to Γ 0 , in the case: φ 2 ≥ 1). At ε = 0 (i.e. at Fermi energy) the transmission coefficient R
φ0 (0) is equal to zero, in contrary with the situation without any quantum vibrations (φ = 0), while at: ε ≫ Γ 0 it decreases smoothly, similarly to the case φ = 0. This fact means, that in the magnetopolaronic MRL-system at zero temperature, in the limit: Γ 0 ≫ ω 0 → 0, it is impossible to "compensate" the magnetopolaronic blockade of resonant tunneling [5] even by means of very high bias voltage. Obviously, the decoupling of Eqs. (11) (12) (13) means, that in the magnetopolaronic MRLM case vibronic subsystem has a complete set of eigenstates, which are the quantum states of a free quantum harmonic oscillator. ing in the MRL-model turns out to be driven by the relative Aharonov-Bohm phase of value π. One could suppose, that in the magnetopolaronic MRL-model the relative A-B phase in each l-th channel of tunneling plays the role of Berry phase [23, 24] , which is acquired by real electron in that virtual channel during the process of resonant tunneling [25] .
In conclusion, the exact solution for the average current in magnetopolaronic model of single-electron transistor (SET) with arbitrary magnetopolaronic coupling in vibrating quantum dot is obtained for the first time, in the case of MRLM-realization of magnetopolaronic SET model. Especially, this solution reveal the nontrivial interference between different virtual intermediate vibronic states of magnetopolaron. As the result, at zero temperature, in the magnetopolaronic MRL-model with strong magnetopolaronic coupling, it is impossible to compensate the effect of strong magnetopolaronic blockade by means of bias voltage in the case, where vibron energy is the smallest (nonzero) energy scale in the system. In principle, the qualitatively new effects, being predicted theoretically in the above, could be measured experimentally. One could use these effects for detecting the MRL-type of tunnel coupling in SETs as well as for the estimations of self-frequencies and zero-point-oscillation amplitudes in magnetopolaronic MRL-systems.
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